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motion after 4 weeks in a rat model, which might be caused by
adhesion and ﬁbrosis of the synovial membrane and increased stiffness
of the capsule. Restoration of joint contracture after remobilization
is almost unknown. The purpose of this study is to clarify effects
of remobilization on immobilization-induced joint contracture by
histological and histomorphometric approaches, and the measurement
of the joint angle.
Methods: Experimental design: Eighty and sixty four adult male
Sprague-Dawley rats aged 12 weeks were prepared for histology and
measurement of the joint angle. Unilateral knee joints were immobilized
at 150° of ﬂexion with a plastic plate and metal screws for 1, 2, 4, 8,
and 16 weeks (n =8/each period). For the joint angle, we measured from
1 to 8 weeks. Only screws were inserted for sham-operated rats. After
the immobilization periods, the ﬁxation devices were removed and the
rats were allowed to move freely in standard cages for 16 weeks. The
immobilized rats and sham-operated rats made up the immobilized-
remobilized (Im-Re) group and the control group, respectively.
Histology & immunocytochemistry: The rats were ﬁxed with 4% PFA in
0.1M PBS at a 150° ﬂexed position, and the resected knee joints were
decalciﬁed in 10% EDTA in 0.01M PBS and embedded in parafﬁn. Five-mm
sections were obtained at the medial mid-condylar region of the knee
in the sagittal plane. The sections were stained with Elastica-Masson
and morphological changes were observed. The length of the superﬁcial
layer of the synovial membrane in the anterior and posterior capsule was
measured. Distribution of type A (macrophage-like) synoviocytes was
observed by the immunostaining of CD68 (MCA341R, Serotec, Oxford,
U.K.).
Measurement of joint angle: The hindlimb of the rats was resected and
the muscles were removed. The angle between the longitudinal axis
of the femur and the tibia was measured under x-ray control. Two
different torques (Torque 1: 225 g-cm, Torque 2: 450 g-cm) were chosen
to extend the knee joint. After incision of the posterior capsule, the angle
was measured again at two different torques (Torque 2 and Torque 3:
1350 g-cm).
Results: Histology & immunocytochemistry: Joint space was ﬁlled with
ﬁbrous tissues and shortening of the synovial membrane in the posterior
capsule was observed in the 2-week Im-Re group and it developed after
4-week Im-Re groups. The length in the anterior capsule was signiﬁcantly
shorter in the 4-week Im-Re group. CD68 positive cells were observed
in the superﬁcial layer of the synovial membrane in the control group,
but they were not observed in the Im-Re group.
Measurement of joint angle: Signiﬁcant limitation in extension was
observed in the 4 and 8-week Im-Re groups at torques 1 and 2. After
incision of the posterior capsule, signiﬁcant limitation was observed in
the 8-week Im-Re group at torque 3.
Conclusions: The histological study indicated that synovial adhesion
formed by joint immobilization was not restored by 16-week
remobilization. Synoviocytes were not observed in the ﬁbrous tissues
formed by synovial adhesion, which might indicate that joint
immobilization induced irreversible capsular changes. The measurement
of the joint angle study showed that 4-week immobilization induced
irreversible joint contracture caused by arthrogenic components. After
incision of the posterior capsule, loss of the joint angle in the 4-week
Im-Re group was restored, but it was not restored in the 8-week Im-Re
group, which indicated that not only the joint capsule but also the other
arthrogenic components such as the collateral and cruciate ligaments
could also cause joint contracture.
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Purpose: Though not considered a classical inﬂammatory arthropathy,
osteoarthritis (OA) is often associated with low-grade synovitis. The
stimuli necessary to establish inﬂammation in OA synovium are as
yet unclear but there is emerging evidence to suggest complement
pathway activation may have a role in this process. Studies have shown
that advanced-stage OA synovium and cartilage produce complement
proteins and that they are abundant in synovial ﬂuid. In addition, several
reports have also identiﬁed the membrane attack complex (MAC) of
complement (C5b-9) in advanced-stage OA synovium and synovial ﬂuid.
Due to the potentially destructive nature of complement activation, the
majority of host cells express membrane-bound complement regulatory
proteins (CRP) to prevent damage. The aim of this study is to characterize
the expression of the membrane-bound CRP CD46, CD55 and CD59 in
synovium during OA progression as well as the effects of exposure to
C5b-9 in relevant synovial cell populations.
Methods: Synovial biopsies were obtained from patients undergoing
arthroscopic surgery due to anterior cruciate ligament (ACL) or
degenerative meniscal tear and arthroplasty due to OA or rheumatoid
arthritis (RA). Patients having arthroscopic surgery due to a degenerative
meniscal tear were considered to have early OA (E.OA) if radiographic
analysis resulted in a Kellgren-Lawrence (K-L) score of ≤2. In contrast,
patients undergoing arthroplasty were considered to have advanced
OA (A.OA) if the K-L score was >2. Patients having ACL tears
generally showed no radiographic signs of cartilage wear. Membrane-
bound CRP expression in synovial biopsies was determined by
real time PCR and immunohistochemistry. C5b-9 deposition was
analyzed in corresponding tissues and synovial ﬂuid samples where
possible by immunohistochemistry and ELISA respectively. Fibroblast-
like synoviocytes (FLS) derived from A.OA synovium were stimulated
with a sub-lytic 0.6mg/mL concentration of C5b-9 over 72 hours and the
expression of inﬂammatory cytokines/mediators and matrix-degrading
enzymes was analyzed by real time PCR.
Results: Real time PCR analysis identiﬁed signiﬁcantly decreased
expression of CD46 and CD59 in synovium from A.OA and RA patients
compared to those having ACL tear or E.OA. Reduced staining for CD59
was also observed in corresponding A.OA and RA tissue sections with
more intense staining observed in the vasculature and intima of ACL tear
and E.OA synovium. C5b-9 deposits were most prevalent in A.OA and
RA tissues having an inverse relationship with CD59 expression. Despite
differences in C5b-9 deposition observed in tissues, no differences were
observed between C5b-9 concentrations in ACL tear, E.OA and A.OA
synovial ﬂuids, but levels were signiﬁcantly higher in RA synovial ﬂuids.
OA FLS treated with sub-lytic C5b-9 exhibited signiﬁcantly upregulated
expression of the inﬂammatory mediator cyclooxygenase-2 (COX2) as
well as matrix metalloproteinase-1 (MMP1).
Gene expression analysis of the membrane-bound CRP CD46, CD55 and
CD59 in synovium (fold change)
Comparison CD46 CD55 CD59
ACL vs. E.OA 0.8, P < 0.01 1.1, P > 0.05 1.0, P > 0.05
ACL vs. A.OA 1.4, P < 0.01 1.3, P > 0.05 1.2, P < 0.05
ACL vs. RA 1.7, P < 0.001 3.4, P < 0.01 1.6, P < 0.01
E.OA vs. A.OA 1.6, P < 0.001 1.1, P > 0.05 1.2, P < 0.05
E.OA vs. RA 2.1, P < 0.001 3.0, P < 0.01 1.6, P < 0.01
A.OA vs RA 1.3, P > 0.05 2.7, P < 0.01 1.3, P > 0.05
Conclusions: The reduced expression of CD46 and CD59 observed
in A.OA may ultimately prevent adequate regulation of complement
activation, an idea further supported by the increased deposition of
C5b-9 observed in these tissues. These ﬁndings suggest uncontrolled
complement activation may be one mechanism which contributes to the
development of synovitis. This is supported by our experiments in OA FLS
which demonstrate C5b-9 deposition can stimulate the gene expression
of inﬂammatory mediators and matrix-degrading enzymes known to
be associated with OA progression. A better understanding of the
mechanisms which regulate membrane-bound CRP expression may be of
value in developing strategies to prevent complement-associated tissue
damage in OA. Furthermore, our studies suggest existing therapeutic
strategies designed to inhibit complement activation may be of beneﬁt
to OA patients.
